Introduction
Plants and plant-based products are gaining importance against variety of diseases due to their non-toxic and no/ less side effects. Hence, we have been continuously working on the identification and characterization of medicinal plants [1] [2] [3] [4] [5] . Phytochemicals are experimentally proved and used as effective protection against oxidative stress and chemical carcinogenesis in various organs [1] [2] [3] [4] [5] . It has been demonstrated that some edible plants as a whole, or their identified ingredients, have substantial protective effects on various diseases [6] . Rumex vesicarius (R. vesicarius) is an annual herb, which belongs to the family of Polygonaceae [7] . It spreads throughout desert and semi-desert areas of North Africa, Asia and Australia [8] . In Saudi Arabia, R. vesicarius is widely used as food, as a medicinal herb and as an antidote to scorpion stings [9] . Despite its importance, only few studies have been conducted on R. vesicarius.
Standardization of plant materials is needed in the present time. Numerous pharmacopoeias having monographs of the plant materials only describe the physico-chemical parameters. The WHO has stressed the need to ensure the quality of medicinal plant products by using modern controlled techniques and applying suitable standards [10, 11] . High performance thin layer chromatography (HPTLC) fingerprinting technique offers better resolution and estimation of active constituents, which can be done with reasonable accuracy in a short time [12] . It can serve as a tool for identification, authentication and quality control of herbal drug [13] .
The medicinal importance of R. vesicarius is a reflection to its chemical composition since the plant contains many bioactive substances such as flavonoids (vitexin, isovitexin, orientin and isorientin). The plant is also rich in anthraquinones, particularly emodin and chrysophanol in roots. The plant also contains carotenoids, vitamins (especially vitamin C), proteins, lipids and organic acids [14] [15] [16] . The previously mentioned bioactive phytochemicals (such as polyphenols, flavonoids, carotenoids, tocopherols and ascorbic acid) have a role as antioxidant and detoxifying agents. The intake of dietary antioxidant phytochemicals like carotenoids, phenolic compounds and flavonoids may lead to the protection against non-communicable diseases in human beings such as cancer, cardiovascular diseases and cataract [17, 18] .
There was a need to evaluate fingerprint profile of most active antioxidant fraction of such an edible plant rich in bioactive substances specially flavonoids, total phenolics and total proanthocyanidin. Therefore, this study was designed to assess in-vitro antioxidant activity of different fractions and perform HPTLC fingerprint analysis of most active fraction of R. vesicarius. These investigations were carried out to chemically determine the bioactive agents that may be responsible for biological activities (antioxidant activities).
Material and methods

Chemicals
All the chemicals and solvents used were of analytical grade and commercially available.
Plant material
Healthy whole plants of R. vesicarius were collected from the Al-Kharj area ( 
Extraction
Air-dried and fine powder of R. vesicarius was subjected to extraction with methanol three times per day. The container with its contents was sealed and kept for a period of four days accompanying occasional shaking and stirring. The extract was filtered by Buchner funnel and the filtrate was concentrated with rotary evaporator at bath temperature not exceeding 40 °C to have gummy concentrate of greenish black extract (yield approximately 16 .55%). The methanolic extract was further fractionated with different solvent system (increasing polarity). Four extracts (methanol, acetone, ethyl acetate and butanol) were separated by using the column.
Assessment of the potential to inhibit lipid peroxide
To assess the potential to inhibit lipid peroxide, different extracts of plant were selected. Group I served as a control group in which the reaction mixture consisted of 0.58 mL phosphate buffer (0.1 mol/L, pH 7.4), 0.2 mL ascorbic acid (100 mmol/L) and 0.02 mL ferric chloride (100 mmol/L). In other groups in addition to the control reaction mixture, different extracts of plant were also added. This reaction mixture was then incubated at 37 °C in a shaking water bath for 1 h. The reaction was stopped by the addition of 1 mL of trichloro acetic acid (10%). Following addition of 1.0 mL thio barbituric acid (TBA) (0.67%), all the tubes were placed in a boiling water bath for a period of 20 min. The tubes were then centrifuged at 5000 r/min for 10 min for 10 min. The amount of malondialdehyde formed in each of the sample was assessed by measuring the optical density of the supernatant at 535 nm. The results were expressed as the nmol malondialdehyde formed/h/g tissue at 37 °C by using a molar extinction coefficient of 1.56伊105 /M/cm [19] .
Inhibition of DNA-sugar damage in calf thymus DNA
Hydroxyl radical scavenging activity was measured by studying the competition between deoxyribose and the test compounds. Group I served as a control group. In control the reaction mixture consisted of 0.5 mL calf thymus DNA (1 mg/mL of 0.15 mol/L NaCl), 0.5 mL phosphate buffer (0.1 mol/L, pH 7.4) and 0.05 mL of FeCl 3 (100 µmol/L in final concentration). In other groups in addition to the above mixture, different extracts of plant were also added. The reaction mixture was incubated for 1 h at 37 °C in a water bath shaker. After the incubation, 1 mL TBA (0.67%) was added to the reaction mixture and then it was kept in boiling water bath for 25 min. The TBA reacting species hence generated forms of an adduct showing a characteristic absorption at 535 nm which was monitored by using spectrophotometer [20] .
Scavenging of hydrogen peroxide
The superoxide radical scavenging activity of the plant was performed as described by Liu, et al [21] . The superoxide is generated in 3 mL of tris HCl (16 mmol/L, pH 8.0) containing 1 mL of nitro blue tetrazolium (50 µmol/L) solution, 1 mL nicotinamide adenine dinucleotide-reduced (78 µmol/L) solution and sample solution of different extracts in a concentration of 1-10 µg/mL. The reaction was started by adding 1 mL of phenazine methosulphate solution (10 µmol/L) to the mixture. The reaction mixture was incubated at 25 °C for 5 min, and the absorbance at 560 nm was measured against the blank samples. L-ascorbic acid was used as a control and butylated hydroxyanisole was used as a positive control.
DPPH
• radical scavenging assay
Free-radical scavenging capacities of the extracts were evaluated using the 2,2-diphenylpicrylhydrazyl radical (DPPH • ) [22] . Briefly, the reaction was carried out in 1 mL of methanol containing freshly made DPPH
• (100 µmol/L) in methanol and the different extracts of plant (400 µg/mL). The contents were vigorously mixed and incubated at room temperature (RT) in the dark for 20 min, and the absorbance was measured at 517 nm. In each experiment, the tested sample alone in methanol was used as blank and DPPH
• alone in methanol as control.
Assessment of total polyphenol content
The total polyphenol content of the extracts was determined by using the Folin-Ciocalteu reagent [23] . FolinCiocalteu reagent (0.5 mL) and distilled water (5 mL) were added to the sample (0.1 mL). It was incubated for 3 min at RT and was subsequently mixed with 25% w/v solution of sodium carbonate (1.4 mL) and distilled water (3 mL). Following 1 h incubation at RT in the dark, the absorbance was measured at 765 nm. Blank contained Folin-Ciocalteu reagent and distilled water without the extract. The optical density of the sample (0.1 mL) in 25% w/v solution of sodium carbonate (1.4 mL) and distilled water (8 mL) at 765 nm was also measured. The total polyphenol content was determined by a standard curve of absorbance values in correlation with standard concentrations (0, 50, 150, 250, 500 µg/mL) of gallic acid. The total polyphenol content is presented as mg of gallic acid per g of extract.
Determination of total flavonoids
Measurement of total flavonoid content in the investigated extracts was determined spectrophotometrically according to Ordoñez , et al. [24] using a method based on the formation of flavonoid-aluminium complex with the absorption maxima at 510 nm. The reaction mixture contained 0.5 mL of extract in dimethylsulfoxide or standard solutions of quercetin, diluted with 2 mL distilled water and 0.15 mL of 5% NaNO 2 . After 5 min, 0.3 mL of 10% AlCl 3 was added. After 6 min, 1 mL of 1 mol/L NaOH was added and the total volume was made up to 5 mL with water. The solution was mixed well and the absorbance was measured against a prepared reagent blank at 510 nm. The flavonoids content was expressed as mg of quercetin equivalents per g of dried extract, by using a standard graph (y=0.0025x, R 2 =0.9974).
Determination of total proanthocyanidins
Determination of proanthocyanidin was done by using the procedure described by Sun, et al [25] . A volume of 0.5 mL of 1 mg/mL of extract solution was mixed with 3 mL of 4% vanillin-methanol solution and 1.5 mL hydrochloric acid; the mixture was allowed to stand for 15 min for color development. The absorbance was then measured at 500 nm. Total proanthocyanidin content was expressed as catechin equivalents (mg/g) using the equation based on the calibration curve.
HPTLC profile of extract
HPTLC finger print profile studies of methanol extract was carried out separately, following standard methodology of Harborne [26] , and Wagner, et al [27] .
Sample preparation
The methanol extract was dissolved separately with HPLC grade methanol, which was used for sample application on pre-coated silica gel G-F254 aluminum sheets.
Developing solvent system
A number of solvents were tried but satisfactory resolution was obtained in the developing solvent ethyl acetate: glacial acetic acid (GAA): methanol: water (6:2:1:0.2) for methanol extract.
Sample application
The samples (5 µL, 10 µL, 15 µL and 20 µL) were spotted in the form of bands of width 6 mm with a 100 µL sample using a Hamilton syringe on silica gel which was pre-coated aluminum plate plates (20 cm伊10 cm) with the help of Linomat 5 applicator attached to Camag HPTLC system, which was programmed through WIN CATS software.
Development of chromatogram
The mobile phase consisted of ethyl acetate: GAA: methanol: water (6:2:1:0.2) for methanol extract and 15 mL of mobile phase was used per chromatogram run. The linear ascending development was carried out in a 20 cm伊10 cm twin through glass chamber saturated with the mobile phase.
Detection of spots
The developed chromatogram was dried by hot air to evaporate solvents from the plate. The developed plate was sprayed with anisaldehyde sulphuric acid as spray reagent and dried at 100 °C in hot air oven for 3 min and scanned at 270 nm in ultraviolet (UV) scanner. The plate was kept in photo-documentation chamber (Camag REPROSTAR 3) and the images were captured under UV light at 254 nm and 366 nm. The radio frequency values and fingerprint data was recorded by WIN CATS software.
Peak development of different extracts
Separate concentration (5 µL-20 µL) of methanolic extract was performed separately, and separate track was maintained for each concentration with separate peak development was done.
Statistical analysis
All values were expressed as mean依SE. One-way analysis of variance was applied to test for significance of biochemical data of the different groups. Significance is set at P<0.05.
Results
Inhibition of lipid peroxidation
We can suggest from our study that R. vesicarius can combat against free radical mediated peroxidation of lipids which may eventually damage the integrity of membrane. The potential of R. vesicarius to inhibit iron ascorbate induced by lipid peroxidation may be due to the presence of their active chemical constituents. These chemical constituents may block the injurious chain reaction, which lead to lipid peroxidation. Free radicals generated by the iron/ascorbate system were inhibited by the addition of different extracts of R. vesicarius (20.0%-33.8%). Methanolic extract of the plant shows maximum efficacy as shown in Table 1 . Each value represents mean of three independent trials依SE.
Inhibition of DNA -sugar damage in calf thymus DNA
There was inhibition in DNA sugar damage (37.0%-66.3%) with maximum efficacy being shown by methanolic extract of R. vesicarius (66.3%) as shown in Table 2 . Each value represents mean of five independent trials依SE.
Scavenging of hydrogen peroxide
The decomposition of H 2 O 2 by extracts of R. vesicarius may results from its antioxidant and free radical scavenging activity. Acetone extract of R. vesicarius shows maximum efficacy. Table 3 illustrated the DPPH radical scavenging capacity of all the tested extracts. The results showed that methanolic extract of R. vesicarius possess highest scavenging capacity among all the tested extracts. In contrast, n-butanol extract showed the lowest scavenging capacity. Each value represents mean of five independent trials依SE. Table 3 demonstrates the results for total phenolic, total flavonoids and total proanthocyanidin content. The 
DPPH radical scavenging activity
Total phenolic, total flavonoids and total proanthocyanidin content
HPTLC finger print profiles of methanol extract of R. vesicarius
The HPTLC finger print profiles of methanolic extract of R. vesicarius showed the presence of eight major compounds (in 20 µL) when developed in mobile phase of ethyl acetate: GAA: methanol: water (6:2:1:0.2) and scanned at 270 nm in UV scanner. Out of these eight compounds, compound number 4 was found in maximum concentration whereas compound number 6 was in minimum concentrations (in 20 µL). The photo documentation of methanol extract observed 254 nm and 366 nm is given (Figures 1 and 2 ). The radio frequency (RF) value of methanolic extract was given in Table 4 . 
Discussion
Antioxidants are crucial in the prevention of human diseases. Herbal compounds with antioxidants activity may function as free radical scavengers, reducing agents, and quenchers of single-oxygen formation or reactive oxygen species, thereby protecting the body from degenerative diseases such as cancer. The reactive oxygen species are damaging byproducts generated during normal cellular metabolism or from toxic insult. They lead to a state of oxidative stress that contributes to the pathogenesis of a number of human diseases by damaging lipids, proteins and DNA [28, 29] . This has inspired much interest in antioxidant activity of phytochemicals. Our results have The HPTLC fingerprint profiles of methanolic fraction of R. vesicarius showed the presence of eight major compounds when developed in mobile phase of ethyl acetate: GAA: methanol: water (6:2:1:0.2) and scanned at 270 nm in UV scanner. Out of these eight compounds, compounds No. 4 was found in maximum concentration whereas compound number 6 was in minimum concentrations (in 20 µL).
shown that methanol extract of R. vesicarius L. displayed strong antioxidant activity. Antioxidant activity of Rumex corroborates the findings of El-Bakry, et al [7] . In addition, the mechanism by which R. vesicarius might inhibit oxidative damage involves intracellular and extracellular pathways by scavenging free radicals, preventing nucleophilic sites of DNA, inhibiting the uptake of mutagen or their precursors [29] .
The chemical analysis of extracts of R. vesicarius showed the presence of various phyto-constituents. The results of the present study also supplement the folkloric usage of the studied plant, which possesses several known and unknown bioactive compounds with bioactivity. HPTLC finger printing is a valuable quality assessment tool for the evaluation of botanical materials. It allows for the analysis of a broad number of compounds both efficiently and cost effectively. HPTLC studies have shown that it is more versatile than ordinary TLC methods as the spots are well resolved. The HPTLC method is simple, rapid, accurate, reproducible, selective and economic, can be used for quality control analysis and for quantitative determination of the plant material [13, 30] . The HPTLC finger print profiles of methanolic extract of R. vesicarius showed the presence of eight major compounds, out of these compound No. 4 was found in maximum concentration.
The obtained results of chemical examinations of successive extractives solvents study showed a positive relationship between chemical compositions of successive extractives solvents and the obtained results of antioxidant activity studies. It was found that, methanolic extract of Rumex was rich in flavonoids, total phenol and proanthocyanidin and these substances were known as antioxidant agents (such as quercetin and naringenin) which may be the reason for the highly antioxidant activities obtained by using these extracts. These results were in harmony with previous findings [17, 18, [31] [32] [33] , as were found that flavonoids and polyphenols were good antioxidant agents since R. vesicarius is rich in polyphenols. Therefore it can be found that there was a positive relationship between chemical composition and the obtained biological activity results of this plant. The presence or absence of flavonoids may be a determining factor of this biological activity. The medicinal importance of this plant is a reflection to its chemical composition since this plant contains many bioactive substances [34] .
The phenolic compounds and flavonoids are associated with antioxidative action in biological systems, acting as scavengers of singlet oxygen and free radicals [35] . In this present study the antioxidant activity was investigated by DPPH scavenging assay. The DPPH antioxidant assay is based on the ability of DPPH, a stable free radical to decolorize in the presence of antioxidants.
Therefore, it would seem likely that methanol solvents were able to extract those compounds, which are responsible for the antioxidant activity of the plant. This activity could partly explain why the plant is used in the traditional medicine practice of the Kingdome of Saudi Arabia.
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